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MicroRNAs (miRNAs) are single-stranded, non-coding
RNA molecules that regulate gene expression at the post-
transcriptional level. Genes encoding miRNAs are located in
regions of the genome that are commonly amplified, deleted
or rearranged. They are commonly dysregulated in human
cancers and known to act as oncogenes or tumor suppressors.
Members of the miR-200 miRNA family are downregulated in
human cancer cells and tumors due to aberrant epigenetic
gene silencing and play a critical role in the suppression
of epithelial-to-mesenchymal transition (EMT), tumor cell
adhesion, migration, invasion and metastasis, by targeting
and repressing the expression of key mRNAs that are involved
in EMT (ZEBT and ZEB2), B-catenin/Wnt signaling (B-catenin),
EGFR inhibitor resistance (ERRFI-1) and chemoresistance to
therapeutic agents (TUBB3). Since the miR-200 family functions
as putative tumor suppressors and represent biomarkers for
poorly differentiated and aggressive cancers, restoration of
miR-200 expression may have therapeutic implications for the
treatment of metastatic and drug-resistant tumors.

MicroRNAs (miRNAs)

MicroRNAs (miRNAs) are non-coding RNA molecules approxi-
mately 21-23 nucleotides long that regulate gene expression at
the post-transcriptional level.!"¢ They are differentially and tem-
porally expressed in a tissue and developmental-specific manner.
Approximately 30% of messenger RNA transcripts are esti-
mated to be regulated by miRNAs.® Genes encoding miRNAs
are located within the introns of transcriptional units and are
also frequently clustered, such that a single primary miRNA
transcript may contain multiple miRNA genes. miRNA genes
are transcribed in a RNA polymerase II-dependent manner pro-
ducing the primary miRNA (pri-miRNA), which contains a 5'
cap and poly-A tail, and can be several kilobases in length. The
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pri-miRNA is further processed by the RNAse III endonuclease
enzyme, Drosha, in the nucleus and by Dicer in the cytoplasm,
producing the pre-miRNA and mature miRNA, respectively."””
The mature miRNA will then bind to the “seed” sequence span-
ning nucleotides 2—-8 of the miRNA and its complementary
sequence within the 3" untranslated regions (UTRs) of its target
mRNAs. Perfect complementarity between the miRNA and its
target mRNA leads to endonucleotic cleavage of the mRNA tran-
script whereas imperfect complementarity results in either tran-
script degradation or translational inhibition. miRNAs regulate
various physiological and pathological processes by modulating
the expression of their target mRNAs that play important roles in
diverse cellular processes including differentiation, proliferation,
growth, migration and survival.

miRNA expression profiling analysis reveals a global down-
regulation of mature miRNAs levels in primary human tumors
relative to normal tissue.'”"" Thus, miRNAs may function as
tumor suppressors or oncogenes and dysregulation in their
expression may contribute to tumor cell metastasis. We will focus
on the miR-200 family, members of which are downregulated in
aggressive human tumors and are potent inhibitors of epithelial-
mesenchymal transition (EMT), tumor cell adhesion, migration,
invasion, metastasis and -catenin/Wnt signaling.

Epithelial-Mesenchymal Transition (EMT)

EMT is a critical step in tumor cell invasion and metastasis, and
correlates positively with poor patient prognosis.'*** The loss
of epithelial markers and the acquisition of mesenchymal mor-
phological features are characterized by the disassembly of tight
junctions and loss of apical-basal polarity due to a repression of
the transmembrane adhesion receptor E-cadherin and a gain in
expression of the mesenchymal markers, including vimentin,
collagen, fibronectin and the E-cadherin transcriptional repres-
sors, ZEBI and Smad-interacting protein SIP1, also known as
ZEB2, thereby leading to extracellular matrix (ECM)-induced
stimulation of integrin signaling and focal adhesion forma-
tion, with the facilitation of cell motility and invasion.'*"” The
EMT-inducing transcriptional factors ZEB1 and ZEB2 repress
E-cadherin expression and promote cancer cell migration and
invasion.'®" Transforming growth factor beta (TGFp) controls
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cell proliferation and differentiation and is a major inducer of
EMT in epithelial cells during embryonic development and can-
cer progression.

miR-200 Family of miRNAs

The microRNA (miR)-200 family comprises five members
(miR-200a, -200b, -200c, -141 and -429) that are clustered and
expressed as two separate polycistronic pri-miRNA transcripts,
miR-200b-200a-429 and miR-200c-141, located on human
chromosomes 1 and 12, respectively. In a screen to identify novel
miRNAs that are involved in the regulation of EMT, the expres-
sion level of all five members was significantly reduced in cells
following TGFB-mediated EMT.?® Enforced constitutive expres-
sion of the miR-200 miRNAs in mesenchymal cells promoted
mesenchymal epithelial transition (MET).?° Conversely, inhibi-
tion of miR-200 induces a mesenchymal-like spindle cell mor-
phology, accompanied by an increase in ZEBI expression and
cell migration.?® Furthermore, loss of miR-200 correlates with a
lack of E-cadherin expression in invasive breast cancer cell lines
and in breast tumor specimens, supporting an in vivo role for the
miR-200 family in EMT repression.?’ In addition, both miR-200
miRNA clusters are markedly downregulated in a TGF induc-
ible mouse model of mammary tumor with EMT, suggesting a
suppressor function for miR-200 in EMT. Indeed, overexpression
of the individual miR-200 members or separate clusters represses
EMT by directly targeting and downregulating ZEBI and ZEB2
via miR-200-binding sites located within their 3' UTRs, result-
ing in enhanced E-cadherin expression and inhibition of murine
mammary tumor cell migration and cancer cell motility.?"*

Importantly, miRNA profiling analysis of NCI60 human
cancer cell lines identified the miR-200 family as an epithelial
marker that is selectively expressed in only E-cadherin-positive
and vimentin-negative cancer cell lines and primary ovarian can-
cer patient tumor tissues that lack ZEB1 and ZEB2, demonstrat-
ing a strong correlation between loss of miR-200 expression and
tumor cell aggressiveness.”> Consistent with this notion, exog-
enous expression of miR-200 induced E-cadherin expression and
MET.?* By contrast, inhibition of miR-200 reduced E-cadherin
and increased vimentin, ZEB1 and ZEB2 levels are associated with
a mesenchymal-like cell morphology.”? miRNA profiling analysis
of lung adenocarcinoma cells derived from mutant K-ras and p53
mice that form polarized epithelial spheres in three-dimensional
Matrigel culture and undergo EMT following TGFp treatment
or when injected into syngeneic mice, revealed a significant reduc-
tion in miR-200 levels and concomitant increase in mesenchymal
markers, vimentin and ZEBI1.? By contrast, constitutive miR-
200 expression blocked TGFB-induced EMT, reverting cells to
a non-metastatic nRNA expression profile, inhibited cell migra-
tion and invasion and abrogated tumor growth and metastasis
in vivo.? Strikingly, in a panel of 40 human non-small cell lung
cancer cell lines, miR-200 correlated with EMT markers, distin-
guishing between cell lines derived from primary lung tumors
from those derived from metastatic lesions.?

A recent study identified ErbB receptor inhibitor-1 (ERRFI-1)
as a direct target that is downregulated by miR-200 and plays
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a key role in reversing EMT-induced EGFR inhibitor resis-
tance in mesenchymal bladder carcinoma cells, improving sen-
sitivity to growth inhibition by anti-EGFR-targeted therapy.**
Interestingly, in a genome-wide miRNA array screen, miR-200a
was identified as the most downregulated miRNA in human
meningiomas.” Restoration of miR-200a decreased ZEBI and
SIP1, thereby leading to increased E-cadherin expression, and
was associated with a suppression of meningioma cell growth
in culture and tumor formation in vivo due to an induction of
caspase-mediated apoptosis.” Importantly, miR-200a directly
targeted B-catenin mRNA, which contains a functionally con-
served miR-200a-binding site in its 3' UTR and suppresses
B-catenin/Wnt signaling, which is implicated in tumorigenesis
in human colon cancer, hepatocellular carcinoma, melanoma,
ovarian cancer and prostate cancer.”* Consistent with this find-
ing, miR-200a expression correlates inversely with B-catenin and
one of its downstream targets, cyclin DI, in human meningi-
oma tumor tissues.” Interestingly, reintroduction of miR-200¢
reduces aggressive breast, ovarian and endometrial cancer cell
migration, invasion and adhesion to extracellular matrix (ECM)
independent of E-cadherin restoration, and enhances their sensi-
tivity to microtubule-targeting chemotherapeutic agent-induced
cell death mediated by direct targeting and downregulation of
class III B-tubulin (TUBB3).***" Conversely, ectopic expres-
sion of TUBB3 lacking the miR-200c¢ target site in its 3'UTR
reversed chemosensitivity to microtubule-directed agents in
long-term clonogenic assays.*® Furthermore, in addition to ZEBI
and ZEB2, microarray profiling identified several mesenchymal
markers including fibronectin-1 (FN), neurotrophic tyrosine
kinase (NTRK2) and QKI, that are downregulated by miR-200c
overexpression.’ Together, these findings suggest a novel role for
miR-200 in controlling EMT reversion by down-modulation
of B-catenin/Wnt signaling, and improved sensitivity to EGFR
inhibition and microtubule-targeting chemotherapeutic agents in
aggressive drug-resistant cancers.

Regulation of miR-200 Expression
in Normal and Cancer Cells

The mechanisms controlling miR-200 transcriptional regu-
lation during the phenotypic conversion of normal epithelial
cells in EMT and tumor cell invasion and metastasis are poorly
understood. Interestingly, ZEB1 and SIP1 have been found to
bind directly to an E-box proximal minimal promoter element
and repress primary transcript and mature miR-200 miRNA
expression in mesenchymal human breast cancer cells, dem-
onstrating a potential double-negative feedback loop between
ZEB1/SIP1 and the miR-200 family during EMT and tumori-
genesis.®” In a recent study, DNA methylation was shown to play
an important role in regulating normal cell and tissue-specific
expression of the miR-200c-141 cluster.?> However, loss of the
miR-200 cluster correlated also with aberrant DNA CpG island
methylation and histone modifications in breast and prostate
cancer lines relative to normal human epithelial cells and tis-
sues, indicating that repression of miR-200 expression due to
inappropriate epigenetic silencing may contribute to EMT and
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Figure 1. miR-200 mediated functions in the maintenance of the epithelial cell phenotype.

tumor progression in certain human cancers.”® Together, these
findings suggest a potential tumor suppressor role for miR-200
that is downregulated in human cancers leading to EMT and
facilitating tumor cell invasion and metastasis, and loss of miR-
200 family members is associated with an aggressive cancer cell
phenotype.

The miR-200 family of miRNAs functions as a potential
tumor suppressor in EMT (Fig. 1), a hallmark feature of malig-
nant tumor progression.”*?>3 Future work will undoubtedly
focus upon the identification and functional characterization of
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